String instanton effects in Higgs physics are discussed through a type IIA model based on T 6 /(Z 2 × Z ′ 2 ) orentifold compactifaction. By inclusion of rigid E2-branes, the model exhibits an MSSM-like spectrum, as well as extra µ and quartic Higgs couplings. These extra couplings are induced via E2 instantons non-perturbatively. Setting the string scale at 10 18 GeV, one gets interesting TeV Higgs physics. In particlular, the tree-level Higgs mass can be uplifted substantially.
Introduction
Recently, string instanton effects have been intensively explored in moduli stabilization of flux induced compactifications [1, 2, 3] (and references therein) and string phenomenology, especially for non-perturbative generation of right-handed neutrino masses and µ term in intersecting brane models [4, 5, 6, 7] . These non-perturbative effects come from nonzero global charges Q a = N a Ξ • (Π a − Π ′ a ) carried by the instanons, which lead to interesting charged matter couplings [8] (for recent reviews, see for example, [9, 10] ). Setting the string scale at the order of 10 18 GeV, one finds m ν and µ in acceptable ranges without any fine-tuning.
In addition to the µ term, there is another important coupling in Higgs physics, the quartic coupling, which controls Higgs boson masses. In the minimal supersymmetric standard model (MSSM), the tree-level mass of the lighest Higgs particle h is well below the LEPII bound. To make ends meet, one needs substantial radiative contribution to m h which is dominated by the stop quark [15, 19] . In order to obtain the desired uplifting, both the stop mass and the mixing have to be large. And this greatly constrains the parameter space in the MSSM and aggraviates fine tuning problems associated with soft mass terms. This provides motivations to make extensions beyond the MSSM, such as the next leading-order minimal supersymmetric standard model (NMSSM) [14] and beyond minimal supersymmetric standard model (BMSSM) [12, 13] . In certain examples, extra quaritc Higgs couplings are present which modify tree-level Higgs masses. Their significance is controlled by the mechanism of supersymmetry breaking in hidden sector and the value of the associated mass scale.
Motivated by the rich phenomenologies generated by stringy instantons, in this paper we will discuss their effects on two important mass scales in Higgs physics, i.e, the µ term and the mass scale M associated with the quartic couplings, in
compactifaction of type IIA theories [20] . They are induced non-perturbatively via E2
instantons. Setting the string GUT scale at 10 18 GeV, one gets interesting TeV Higgs physics. In particlular, the tree-level Higgs mass can be uplifted substantially.
In section 2, a N = 1 supersymmetric model is constructed that exhibits an MSSMlike spectrum (including the right-handed neutrino) with suitable wrapping numbers of D6 and E2 branes. In section 3, we discuss the generations of E2-branes induced µ term and quartic couplings. The structure of these quartic terms are explicitly calculated.
They obviously modify the Higgs masses, which are expressed as expansions of a small parameter ε ∼ µ/M, as shown in section 4. We conclude in section 5.
The setup
We discuss an intersecting D6-branes model in 
which all the U(1) i become massive by the Green-Schwarz mechanism except U(1) Y ,
The gauge groups then conforms to that of MSSM-like theories. The intersecting number For the model to be supersymmetric, each stack of branes has to satisfy two conditions [16] ,
where Table 1 : Wrapping numbers of D6-branes and E2-instantons which wrap on a rigid
The model is supersymmetric if
intersection numbers matter Rep 
Non-perturbative Higgs physics from E2 instanton
To yield a non-perturbative µ term, one assigns the following intersection numbers between E2-brane and D6 b,c -branes
The intersection number I M α also has to satisfy,
in order to exclude the extra charged zero modes. The wrapping numbers on E2 M are These operators were constructed in certain BMSSM examples. They can greatly uplift
Higgs masses when M is in the range of 1 ∼ 10 TeV. Similar to the stringy instanton induced µ term as shown above, it is possible to construct these quartic terms nonperturbatively. That is, the roles played by hidden sectors to generate these operators in other models can be totally replaced by stringy instanton effect in our model.
In order to exclude extra zero modes on D6 a,d -branes, one has the constraints on the intersection number E2 N and D6-branes The general strategy to compute charged matters coupling in E2 instanton background has been outlined in [8] . In our case,
which can be computed via conformal field theory techniques (see also [17, 18] ). To appreciate the structure of Eq. (3.5), we take for example of triangle structure on the second and third tori. This leads to the following term in the four-dimensional effective action,
where
and
. The rescaling for charged zero modes λ → λ 2π gs and the g s factor independence for each disc imply that each disc diagram carries an overall normalization factor 2π/g s [5, 17] . Thus, one gets 
The Higgs tree-level spectrum
In MSSM-like models, Higgs physics provides a good window to test new physics. In general, Higgs masses are sensitive to supersymmetric breaking hidden sectors. This has recently been revisited in the four-dimensional effective field theory formalism [12] . Earlier discussions on this topic were present in [13] . It is shown that Higgs masses, especially the mass of h can be substantially uplifted by one type of quartic couplings that were inherited from hidden sectors or extra dimensions 2 .
In models with two Higgs doublets 
The extra new parameter
is due to non-perturbative effects, which is in the range of 0.01 ∼ 0.1 for typical values of M and µ. The modifications on Higgs masses can be expressed as the the functions of v and expansion of ǫ.
Taking µ ∼ 200 GeV, tanβ = 5, the LEPII Higgs mass bound m h ≥ 114 GeV can be accommodated with the δm h at tree level when M is below 20 TeV. If tanβ decreases, one has to decrease M also to uplift the h mass substantially. However, for moderate value of tan β, there will be a lower bound on M from precision experiments 3 . On the other hand, the following constraint relation between Higgs masses is unchanged,
In addition to uplifting m h , these operators introduce new Higgs-Higgsino interactions, which provide new channels in neutralino and chargino decays. Pontentially, these phenomenological implications provides interesting tests of string theory.
conclusions
In this paper, we have discussed the E2 instanton-induced superpotentials associated with Higgs physics in toroidal orentifolds of type IIA theories. All the moduli in flux compactifications are stabilized, which is very important to start with. Explicitly, we present a N = 1 supersymmetric model including two E2-branes. They induce the required µ term and extra quartic couplings. The later can be used to uplift the mass of the lightest Higgs boson, as expected from general analysis of four-dimensional effective field theory. In our case, they are generated by non-perturbative stringy instanton effects, instead of other mechanisms in the hidden sector.
The wrapping numbers of this model are described by two real numbers (n 1 E , n 2 E ), which preserve the same supersymmetry as those of D6-branes. The structure of the induced quartic couplings can be calculated explicitly. For illustration, we have calculated a very simple example, in which the numbers of triangles are less than two on each torus. In this simple setting, we had the extra benefit that the mixing terms are highly suppressed.
With moderate and large tanβ, the mass of the lightest Higgs boson can be uplifted substantially to meet the LEPII bound. Note that in all known intersecting brane models, to generate non-perturbative neutrino masses seem to forbid a non-perturbative µ term at the same time, and vice versa.
Because the requirement of absence of zero modes in E2 − E2 ′ makes it very hard to satisfy all tadpole constraints and supersymmetric conditions, as point out in [5] . In our case, we havs succeed to generated the µ term and extra quartic couplings, but not the desired neutrino masses. Hopefully, this can be remedied in future, without sacrificing too much other attractive features in this class of models.
